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(54) Method of extending life of a recyclable process kit 



(57) One embodiment relates to an apparatus for 
sputtering material onto a workpiece, the apparatus in- 
cluding a vacuum chamber (21) and a target (31) dis- 
posed in the vacuum chamber, the target (31) compris- 
ing a material to be deposited onto said workpiece (35).. 
The apparatus also includes a holder (29) for the work- 
piece (35) and at least one recyclable process kit com- 
ponent ( 33) positioned to accumulate material sput- 



tered from the target (31). The process kit component 
includes a base metal layer including titanium and an 
outer layer of titanium nitride. The titanium nitride layer 
acts as an etch stop during recycling of the process kit 
component. The process kit component may include a 
part selected from the group of a shield, pedestal, shut- 
ter, coil, collimator, deposition ring, cover ring, and 
clamp ring (33). 
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Description 

Field of the Invention 

[0001] The present invention relates to deposition 
processes and components used in semiconductor de- 
vice fabrication chambers, including recyclable process 
kit components. 

Background 

[0002] The formation of semiconductor devices often 
includes depositing various layers onto a substrate us- 
ing methods such as physical vapor deposition (sputter- 
ing) and chemical vapor deposition. Such methods tend 
to form a layer of deposition material not only on the 
substrate, but also on other exposed surfaces in the 
processing chamber. Particles of the material deposited 
on the other exposed surfaces in the processing cham- 
ber may flake off during various processing cycles such 
as heating, cooling, pressure changes, etc., and con- 
taminate the device being formed. In order to reduce 
contamination, chamber surfaces which are exposed to 
deposition material may be periodically cleaned or re- 
placed. 

[0003] One technique for cleaning and replacement 
includes the use of recyclable process kits including 
chamber components that can be removed from the 
chamber, cleaned of deposition material, and then re- 
used in the chamber. By using recyclable components, 
the chamber down time is minimized because many of 
the components can be quickly replaced with a second 
set of clean components and the first set of components 
can then be cleaned outside of the chamber. While the 
first set of components is being cleaned, the chamber 
is availablefor processing. Process kits may include one 
or more components, depending on factors such as the 
type of chamber, the wafer support pedestal, the type of 
deposition being carried out, and the process being car- 
ried out in the chamber. Certain known deposition cham- 
bers, for example, may utilize a variety of pedestals, in- 
cluding those that operate in conjunction with a clamp 
ring that holds a wafer to the pedestal, and those that 
operate without a clamp ring and leave the entire sur- 
face of the wafer available for deposition. Some pedes- 
tals also utilize electrostatic forces to attract the wafer 
to the pedestal surface. Chamber components which 
may be removed and recycled include, but are not lim- 
ited to, shields, coils, pedestals, shutters, collimators, 
deposition rings, cover rings, clamp rings, and shower- 
heads as known in the art. 

[0004] The recyclable chamber components may be 
cleaned using a variety of chemical and physical meth- 
ods known in the art. One chemical method includes 
submersing the component in a chemical solution that 
chemically etches the deposited material from the com- 
ponent. One such physical method is bead blasting, 
which physically removes deposited material from the 



component Due to the desirability of removing all or 
nearly ail of the deposited material on the process kit 
component, a quantity of the base material the compo- 
nent is formed from (for example, titanium) is often also 

s removed during the cleaning operation, thus shortening 
the life of the component. After a number of cycles of 
deposition followed by cleaning, a sufficient quantity of 
base material may be removed such that the component 
no longer meets the acceptable tolerances to property 

io perform its intended function. In addition, base metal re- 
moval may result in the surface of the component having 
an undesirable level of surface roughness, which can 
lead to problems such as deposition material flaking off 
the component while in the processing chamber and 

is contaminating the workpiece. 

[0005] Metrology methods may be used to determine 
whether a component is out of tolerance. However, such 
methods are time consuming. Methods for determining 
the surface roughness are also time consuming and add 

20 costs to the overall process. Because the amount of ma- 
terial removed during a cleaning process can be difficult 
to determine, a recommended number of cleanings is 
sometimes specified by the manufacturer for recyclable 
components, in orderto ensure that the components will 

25 remain in tolerance. When the recommended number 
of cleanings is reached, the component is disposed of. 
Depending on the actual amount of base material re- 
moved during the cleaning cycles, the component may 
still be useable despite reaching the recommended 

30 number of cleanings. As a result, employing a recom- 
mended number of cleanings approach may result in re- 
cyclable components being discarded prematurely. 

Summary 

35 

[0006] Certain embodiments of the present invention 
relate to a device for use in a deposition chamber. The 
device comprises a recyclable process kit component 
including a base metal and a protective layer formed on 

40 the base metal. The protective layer comprises a mate- 
rial having a different composition than the base metal. 
In one aspect of certain embodiments, the base metal 
is titanium. In another aspect of certain embodiments, 
the protective layer is a nitride layer having a thickness 

45 of no greater than 1 0/1 000 inch. 

[0007] Embodiments also include an apparatus in- 
cluding a base metal shaped in the form of a recyclable 
process kit component and an etch stop layer on the 
base metal. The etch stop layer comprises a material 

50 having different etching properties than the base metal. 
[0008] Other embodiments relate to an apparatus for 
sputtering material onto a workpiece, the apparatus in- 
cluding a vacuum chamber and a target disposed in the 
vacuum chamber, the target comprising a material to be 

55 deposited onto the workpiece. The apparatus also in- 
cludes a holder (commonly referred to as a pedestal or 
chuck) for the workpiece and at least one recyclable 
process kit component positioned to accumulate mate- 
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rial sputtered from the target. The process kit compo- 
nent includes a base metal layer including titanium and 
an outer layer including nitrogen. In one aspect of cer- 
tain embodiments, the process kit component is select- 
ed from the group consisting of a shield, pedestal, shut- 
ter, coil, collimator, deposition ring, cover ring, and 
clamp ring. 

[0009] Other embodiments relate to a method includ- 
ing performing a plurality of deposition operations in a 
process chamber so that material is deposited on a re- 
cyclable component. The recyclable component in- 
cludes a base metal and an etch resistant layer on the 
base metal. The method also includes removing the re- 
cyclable component from the process chamber and 
etching the deposited material from the recyclable com- 
ponent The etching is stopped when the etch resistant 
layer is reached. 

[001 0] Still other embodiments relate to a method for 
forming a process kit component outside of a semicon- 
ductor processing chamber, including forming a body in- 
to the shape of a process kit component and forming a 
nitride layer to a depth in the body. In one aspect of cer- 
tain embodiments, forming a body into the shape of a 
process kit component includes performing a first ma- 
chining operation on a metal body comprising titanium 
to form a shape close to that of a desired process kit 
component, performing a first heat treating operation on 
the body to relieve stresses generated in the body dur- 
ing the first machining, and performing a second ma- 
chining operation on the body to form the body into a 
shape closer to that of the desired process kit compo- 
nent. Certain embodiments may also include performing 
a second heat treating operation on the body after the 
second machining operation. 

Brief Description of the Drawings 

[0011] Embodiments of the invention are described 
with reference to the accompanying drawings which, for 
illustrative purposes, are schematic and not drawn to 
scale. 

[0012] Fig. 1 is a schematic, partial cross-sectional 
view of a processing chamber configured for physical 
vapor deposition in accordance with an embodiment of 
the present invention. 

[0013] Fig. 2 is a schematic, partial cross-sectional 
view of a processing chamber configured for physical 
vapor deposition in accordance with an embodiment of 
the present invention. 

[001 4] Fig. 3 is a side cross sectional view illustrating 
components including a deposition ring and a cover ring 
in accordance with an embodiment of the present inven- 
tion. 

[0015] Fig. 4 is a cross-sectional view of a portion of 
a component illustrating a base metal layer and a pro- 
tective layer in accordance with an embodiment of the 
present invention. 



Detailed Description 

[001 6] Certain embodiments of the present invention 
relate to process kit components for use in deposition 
5 chambers that are formed from a base metal and include 
a protective layer that protects the base metal during 
cleaning operations. 

[0017] One preferred embodiment includes process 
kit components formed from titanium (or titanium having 

io a small amount of alloying materials therein) as the base 
metal and having a nitride layer at the surface of the 
titanium. The nitride layer creates a surface that resists 
etching during cleaning operations performed to remove 
material deposited on the component during processing 

15 operations such as sputtering. It is preferred that the ni- 
tride surface layer on the process kit components be 
formed by a batch process. A number of processes for 
nitriding titanium surfaces are known. One method in- 
cludes heating titanium components in a nitrogen or am- 

20 monia atmosphere to diffuse nitrogen into the titanium 
structure. The pressure and temperature may be cho- 
sen to form layers of varying thickness and physical 
properties. Other methods for nitriding titanium include 
salt bath treatment, plasma processing, and hot isostat- 

25 ic pressing. 

[001 8] In certain embodiments, a titanium nitride layer 
is formed on the surface of one or more titanium process 
kit components and these components are mounted in 
a sputtering chamber. When using a chamber having 

30 replaceable process kit components, the equipment 
manufacturer typically provides guidelines that set forth 
the recommended number of processing steps in a 
chamber before process kit components should be 
cleaned and/or replaced. For example, a chamber such 

35 as that illustrated in Fig. 1 , when performing aluminum 
deposition, may deposit up to about 6000 u.m of alumi- 
num before process kit cleaning is recommended. 
[001 9] After the recommended number of processing 
cycles has been performed, the process kit components 

*o are removed from the processing chamber. Clean proc- 
ess kit components may then be inserted into the cham- 
ber, so that there is little chamber downtime. The depos- 
ited material is cleaned from the process kit components 
so that they can be reused. One preferred method to 

« clean the component is to place the component into one 
or more chemical baths to etch the deposited material 
from the component. Alternatively, the components may 
be exposed to a gaseous etchant. The nitride layer 
formed on process kit components according to certain 

50 preferred embodiments inhibits etching of the base met- 
al of the component. Without the nitride layer, the base 
metal of the component (for example, titanium) may be 
undesirably etched when the component is etched to re- 
move the deposited layer. This may occur because the 

55 etchant used to remove a deposited material such as 
aluminum may also etch a base metal of the process kit 
component. As a result, after a number of cleanings, the 
critical dimensions of the part such as s for example, its 
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thickness and/or surface roughness, may fall outside of 
the acceptable level. Materials which may be used for 
etching aluminum include solutions having one or more 
acids, for example, KjPO^ HN0 3 , and HF. Such acids 
tend to etch metals including aluminum and titanium at 
a significantly higher rate than they etch a nitride such 
as titanium nitride. Accordingly, the nitride layer formed 
on the base metal component will inhibit undue etching 
of the base metal. 

[0020] Figs 1 and 2 illustrate sectional views of an ex- 
emplary sputtering chamber 21 according to an embod- 
iment of the present invention. The chamber is based 
on the 200 mm DURASOURCE® chamber sold by Ap- 
plied Materials, Inc. The sputtering chamber 21 includes 
a vacuum chamber enclosure wall 23 having at least 
one gas inlet 25 and an exhaust outlet 27 connected to 
an exhaust pump (not shown). A pedestal or substrate 
support 29 is disposed near the bottom of the sputtering 
chamber and a sputtering target 31 generally facing the 
substrate support is mounted at the top end of the cham- 
ber. A clamp ring 33 is positioned to be coupled to the 
substrate support 29 so as to apply uniform pressure to 
a substrate 35 to hold the substrate 35 to the substrate 
support 29. A shutter assembly (not shown) is rotatably 
mounted within the sputtering chamber 21 for selective- 
ly positioning a shutter disk 37 between the target 31 
and a portion of the sputtering chamber 21 (i.e., placing 
the shutter disk 37 in a closed position). Thus, when po- 
sitioned in the closed position, deposition material is in- 
hibited from depositing on surfaces beneath the shutter 
disk 37. One purpose of the shutter disk is to protect the 
pedestal during pasting operations carried out to coat 
internal surfaces of the chamber with deposition mate- 
rial prior to introducing the substrate to the chamber. By 
coating internal surfaces of the chamber with the depo- 
sition material, any flakes of material that are dislodged 
from the interior surfaces while depositing a layer of ma- 
terial on the substrate will have the same composition 
as the material sputtered from the target, thus inhibiting 
contamination of the substrate. 
[0021] In certain embodiments, the shutter disk 37 is 
positioned to be between the clamp ring 33 and the sub- 
strate support 29 when the shutter disk 37 is in the 
closed position (as shown in Fig. 1), in order to protect 
the substrate support from sputtered material. One or 
more shields 39 may be positioned, for example, near 
the edges of the target 31 and may extend to the sub- 
strate support 29 or to a position somewhere between 
the target 31 and substrate support 29 so as to limit the 
travel of deposition material and in certain embodiments 
at least partially define a plasma generation region. The 
shield 39 may be formed from one piece or multiple piec- 
es. A collimator 43 (e.g., a tube or a screening plate) 
which blocks sputtered material that travels toward the 
substrate 35 along an undesirable trajectory may op- 
tionally be mounted between the target 31 and the sub- 
strate support 29 (via a lip 40) which may extend from 
the enclosure wall 23 or from the shield 39. In addition, 
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a coil 42 may also optionally be positioned in or around 
the chamber in order to provide additional energy to ion- 
ize an amount of sputtered material for improving step 
coverage of the deposited layer on the workpiece. 

5 [0022] The target 31 is electrically isolated from en- 
closure wall 23 (e.g., via an insulating ring 45). Enclo- 
sure wall 23 and shield 39 are preferably grounded so 
that a negative voltage may be maintained on the target 
31 with respect to grounded enclosure wall 23 and 

10 shield 39. Fig. 2 shows the sputtering chamber 21 of 
Fig. 1 with the shutter disk 37 in the open position, so 
that sputtered material can be deposited on a wafer 35. 
As illustrated, the clamp ring 33 presses the substrate 
35 against the substrate support 29. The shutter disk 

15 37, the shield 39, the collimator 43 and the clamp ring 
33 illustrated in Figs. 1 and 2 are examples of removable 
process kit parts that may be formed with a nitride sur- 
face layer according to certain preferred embodiments. 
[0023] Fig. 3 shows additional process kit rings which 

20 may be used in the chamber of Figs. 1 and 2 as an al- 
ternative to the clamp ring 33. Specifically, Fig. 3 shows 
a schematic side view of a deposition ring 81 (which may 
include wafer restriction pins 82 that prevent a wafer 
from moving out of position) and a cover ring 83. The 

25 deposition ring 81 is designed primarily to inhibit depo- 
sition on the side of a substrate support 85, as the sub- 
strate support 85 is often not easily removed from the 
chamber for cleaning. One feature that may be affected 
by deposition material is the height of a lip portion 81a 

30 of the deposition ring 81 , which extends along the edge 
of the substrate support 85. The cover ring 83 is de- 
signed to allow gas passage while shielding chamber 
components from deposition. The deposition ring 81 
and the cover ring 83 are often used in conjunction with 

35 a substrate support known as an electrostatic chuck, 
which contains positive and negative electrodes that 
serve to induce polarity in the wafer to attract it to the 
chuck. 

[0024] Preferred embodiments include titanium proc- 

40 ess kit components including a nitride surface layer. The 
surface layer may be TiN or another titanium nitrogen 
phase, depending on the nitriding conditions. Figure 4 
illustrates a portion of the clamp ring 33 of Figs. 1-2, 
including the base metal layer 33a and the outer layer 

45 33b. Other process kit components, for example, the 
shutter disk 37, shield 39, shield 42, and collimator 43 
of Figs. 1-2; and the deposition ring 81 and cover ring 
83 of Fig. 3, may have a similar multilayer structure as 
the claim ring 33. The surface layer is preferably formed 

so to a thickness that will resist the etchant for numerous 
cleaning cycles and act as an etch stop. Thus, a variety 
of thicknesses, including both thin and thick films, are 
possible. Factors including the durability and the stress- 
es introduced into the component may influence the de- 

55 sired thickness of the outer surface layer. One preferred 
thickness for the surface layer is in the range of about 
1/1000 inch to about 10/1000 inch, more preferably 
about 1/1000 inch to about 5/1000 inch. In general, the 
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deeper the surface layer, the more durable the etch stop. 
However, as the surface layer thickness increases, the 
surface layer may impart a large residual stress in the 
component, which may cause stress induced distortion 
of the component and/or increase the risk of component 
failure. In certain embodiments, the protective surface 
layer is formed on the entire surface of the component. 
In other embodiments, however, the surface layer may 
only be formed on those surfaces to be exposed to dep- 
osition material in the processing chamber and to the 
etchant during the cleaning step. 
[0025] To reduce the risk of stress induced compo- 
nent distortion or failure, one preferred method for form- 
ing process kit components includes: (a) a machining 
step to shape the component close to final dimension, 
(b) a heat treatment step to relieve the stresses caused 
by the first machining step, (c) an additional, more final 
machining step, and (d) nitriding the component. If de- 
sired, an additional heat treatment step may be carried 
out after step (c) and prior to step (d). Such a process 
is designed to minimize the stresses on the process kit 
component to inhibit stress induced distortion. 
[0026] By forming recyclable process kit components 
with a protective surface layer such as in embodiments 
described above, the components have extremely long 
lifetimes because the components remain within proper 
tolerances after numerous cleanings. While certain prior 
art process kit components fabricated from a base metal 
only may have a recommended number of cleanings 
that is about 10 times, embodiments of the present in- 
vention may be able to remain in tolerance after hun- 
dreds, thousands or even a greater number of cleaning 
operations. 

[0027] It will, of course, be understood that modifica- 
tions of the present invention, in its various aspects, will 
be apparent to those skilled in the art, some being ap- 
parent only after study, others being matters of routine 
mechanical, chemical and electronic design. The term 
metal as used herein is meant to include metallic mate- 
rials such as pure metals, alloys of metals, and alloys of 
metals and other elements. Modifications to the depo- 
sition and etching techniques described above may be 
made as known in the art. In addition, other chamber 
configurations which may be adapted to perform other 
processes (chemical vapor deposition, etch, photoli- 
thography, etc.) and which may require process kit parts 
other than those described above, may benefit from 
process kit parts configured in accordance with embod- 
iments of the present invention . Any chamber which per- 
forms a process that requires periodic part cleaning may 
benefit from the inventive parts described herein. 
[0028] In addition, process kit components may be 
formed with surface layers other than a nitride layer. For 
example, embodiments may also include an anodized 
layer, oxide layer or other material layer that will protect 
the base metal from etching during the cleaning proc- 
ess. An example of another process kit component base 
material on which a protective layer may be formed is 



stainless steel. 

[0029] Other embodiments are also possible, their 
specific designs depending upon the particular applica- 
tion. As such, the scope of the invention should not be 
5 limited by the particular embodiments herein described 
but should be defined by the claims. 



Claims 

w 

1 . An apparatus for use in a deposition chamber, com- 
prising 

a recyclable process kit component comprising 
15 a base metal and a protective layer formed on 

said base metal; 

said protective layer comprising a material hav- 
ing a different composition than said base met- 
al. 

20 

2. An apparatus as in claim 1 , wherein said protective 
layer comprises a nitride layer. 

3. An apparatus as in claim 2, wherein said base metal 
25 comprises titanium. 

4. An apparatus as in claim 3, wherein said protective 
layer comprises titanium nitride having a thickness 
of no greater than 10/1000 inch. 

30 

5. An apparatus as in claim 3, wherein said protective 
layer comprises titanium nitride having a thickness 
of no greater than 5/1000 inch. 

35 6. An apparatus for use in a deposition chamber, com- 
prising: 

a base metal shaped in the form of a recyclable 
process kit component; and 
40 an etch stop layer on said base metal, said etch 

stop layer comprising a material having differ- 
ent etching properties than said base metal. 

7. An apparatus as in claim 6, further comprising a lay- 
45 er of sputtered material on said etch stop layer. 

8. An apparatus as in claim 7, wherein said etch stop 
layer has a lower etching rate than said layer of 
sputtered material when exposed to an etchant. 

50 

9. A recyclable apparatus for use in a deposition 
chamber, comprising: 

a base material shaped in the form of a compo- 
55 nent used in a deposition chamber; and 

means for protecting said base material during 
an etching operation. 
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10. A apparatus for sputtering material onto a work- 
piece, comprising: 

a vacuum chamber; 

a target disposed in said vacuum chamber, said 
target comprising a material to be deposited on- 
to said workpiece; 
a holder for said workpiece; and 
at least one recyclable process kit component 
positioned to accumulate material sputtered 
from said target, said component including a 
base metal layer comprising titanium and an 
outer layer comprising nitrogen. 

1 1 . An apparatus as in claim 1 0, wherein said outer lay- 
er serves as an etch stop when etching said mate- 
rial deposited onto said workpiece. 

12. An apparatus as in claim 10, wherein said at least 
one recyclable process kit component includes at 
least one component selected from the group con- 
sisting of a shield, pedestal, shutter, coil, collimator, 
deposition ring, cover ring, and clamp ring. 

13. An apparatus as in claim 1 0, wherein said outer lay- 
er comprises titanium nitride having a thickness of 
no greater than 10/1000 inch. 

14. An apparatus as in claim 10, further comprising 

a plasma generation area between said target 
and said holder; and 

a coil adapted to radiate energy into said plas- 
ma generation area. 

15. A method comprising: 

performing a plurality of deposition operations 
in a process chamber so that material is depos- 
ited on a recyclable component, the recyclable 
component including a base metal and an etch 
stop layer on said base metal; 
removing said recyclable component from said 
process chamber; 

etching said deposited material from said recy- 
clable component; and 

stopping said etching when said etch stop layer 
is reached. 

16. A method as in claim 15, wherein said etching com- 
prises exposing said deposited material to at least 
one etchant selected from the group consisting of 
H 3 P0 4 , HN0 3 , and HF. 

1 7. A method as in claim 1 6, wherein said exposing said 
deposited material to at least one etchant compris- 
es placing said recyclable component into a bath 
comprising said etchant. 



18. A method as in claim 15, wherein said base metal 
comprises titanium and said etch stop layer com- 
prises titanium and nitrogen. 

5 19. A method as in claim 15, further comprising replac- 
ing said recyclable component in a processing 
chamber after said stopping said etching. 

20. A method as in claim 19, wherein said steps of per- 
10 forming a plurality of deposition operations, remov- 
ing said recyclable component from said process 
chamber, etching said deposited material from said 
recyclable component, stopping said etching, and 
replacing said recyclable component in a process- 
es ing chamber are carried out at least 1 00 times using 

the same recyclable component. 

21. A method for forming a process kit component, 
comprising: 

20 

forming a body into the shape of a process kit 
component; and 

forming a nitride layer on said body. 

25 22. A method as in claim 21 , wherein said forming a 
body into the shape of a process kit component 
comprises: 

performing a first machining operation on a 
30 metal body comprising titanium to form a shape 

close to that of a desired process kit compo- 
nent; 

performing a first heat treating operation on 
said body to relieve stresses generated in said 
35 body during said first machining; and 

performing a second machining operation on 
said body to form said body into a shape closer 
to that of said desired process kit component 
than said first machining operation. 

40 

23. A method as in claim 22, further comprising per- 
forming a second heat treating operation on said 
body after said second machining operation. 

45 24. A method as in claim 23, wherein said second heat 
treating operation is performed prior to said forming 
a nitride layer on said body. 

25. A method as in claim 24, further comprising a third 
50 heat treating operation performed after said forming 

said nitride layer on said body. 

26. A method as in claim 21, wherein said forming a 
nitride layer comprises forming a layer including TiN 

55 and having a thickness in the range of about 1/1 000 
inch to about 10/1 000 inch. 

27. A method as in claim 21 , wherein said forming a 
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nitride layer comprises forming a layer including TiN 
having a thickness of up to 5/1000 inch. 

28. A method as in claim 21, wherein said forming a 
nitride layer is accomplished by exposing said body * 
to an atmosphere including nitrogen at an elevated 
temperature. 
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